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Abstract 
The US Department of Energy (DOE) established the National Carbon Capture Center (NCCC) as part of its strategy 
to address the need for cost-effective CO2 capture technologies.  The focus of the NCCC is to conduct research and 
development to advance emerging CO2 control technologies to commercial scale for effective integration into coal-
based Integraged Gasification Combined Cycle (IGCC) and combustion processes.  To achieve this goal, the NCCC 
provides a test-bed for government, industrial, and university projects to conduct meaningful tests in an industrial 
setting.  
 
The NCCC test plan includes both post-combustion and pre-combustion CO2 capture development.  A flexible post-
combustion test facility, Post-combustion Carbo
Plant E.C. Gaston, in Wilsonville, Alabama.  The facility, which is managed by Southern Company Services, 
provides a platform for testing technologies at a wide-range of sizes and process conditions on coal-derived flue gas.  
Since completing commissioning and baseline testing in early 2011, several technologies have been tested.      
 
The PC4 facility includes multiple slipstreams with a range of flue gas throughputs to allow the evaluation of post-
combustion CO2 capture technologies.  It provides the capability to test modules from technology developers and to 
test solvents in an absorber/regenerator unit, the pilot solvent test unit (PSTU).  In 2011, PSTU baseline tests were 
completed, using a reference solvent, monoethanol amine (MEA) to characterize its performance and verify the 
reliability of the data generated.  The PSTU was later operated to test a potential commercial solvent developed by 
Babcock & Wilcox.  Aker Carbon Solutions installed a mobile test unit at the site to test its commercial solvent, and 
Membrane Technology & Research installed and commissioned its 0.05-MW polymeric CO2-separation membrane, 
which will continue to be tested throughout 2012.  Also in 2012, several other developers will test solvents in the 
PSTU and enzyme-based solvent systems in the bench scale area on coal-derived flue gas.  Collaboration with 
additional developers for future test plans is on-going.  
 
The NCCC also generates coal derived syngas which is available for testing technologies related to pre-combustion 
CO2 capture.  Several slipstreams are in place with a range of syngas throughputs.  Technologies tested in 2011 
include water gas shift catalysts, high-temperature mercury and CO2 sorbents, a hydrocarbon removal system, 
physical and chemical solvents for CO2 absorption, a polymeric CO2-separation membrane, and three hydrogen-
separation membranes (carbon molecular sieve, polymeric, and palladium based).  Several of these technologies will 
be tested further in 2012, and membranes and solvents from other developers will also be tested. 
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1. Introduction 
 
reliable, clean, and affordable power production from coal.  The NCCC was established in 2009 to build 
on the experience, expertise, and infrastructure in place at the Power Systems Development Facility 
(PSDF), an existing facility which has been in operation since 1996.   
 
By offering a world-class neutral test facility and a highly specialized staff to Technology Developers, the 
NCCC accelerates the commercialization of advanced carbon capture technologies to enable coal-based 
power plants reduce CO2 emissions cost-effectively.   In undertaking its mission, the NCCC is involved in 
a range of activities to develop the most promising technologies for future commercial deployment.    
Research at the NCCC includes development of technologies for post-combustion CO2 capture for 
incorporation into pulverized coal power plants, pre-combustion CO2 capture for integration into the new 
generation of coal gasification power plants, gasification development and oxy-combustion studies. 
 
Post-combustion and pre-combustion CO2 capture work has included multiple projects, such as testing of 
solvents, enzymes, gas separation membranes, sorbents, and catalysts, as well as other novel processes.  
The testing has supported technology developers from both industry and universities, and in many cases 
has yielded the bases for process improvements and scale-
2 capture 
ans. 
 
1.1 History 
 
Testing at the PSDF led to the development of several types of first-of-a-kind technologies and 
demonstrated the successful integration of these components into a reliable gasification process for 
generating data for scale-up to commercial applications.  These technologies included high pressure 
solids feed systems; a Transport Gasifier; hot gas filtration; continuous ash depressurization systems; and 
various instrumentation, sampling, and controls systems.  After only eight years from the time of 
construction and commissioning, the Transport Integrated Gasification (TRIGTM) process developed at 
the PSDF was selected for commercial deployment through the DOE Clean Coal Power Initiative and is 
iffe, which is currently under construction.  Since 
successfully meeting the project goals, the PSDF expanded its processes and operations capabilities to 
become a leading test center for the development of post- and of pre-combustion CO2 capture 
technologies.  
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1.2 Test Facilities 
 
The test facilities include two sites: the Post-Combustion Carbon Capture Center (PC4), located at the 
adjacent Alabama Power Plant E.C. Gaston; and the original PSDF site, which houses the gasification 
process and pre-combustion CO2 capture test site.  The NCCC includes multiple, adaptable slipstream 
units that allow technology development of CO2 capture concepts using coal-derived flue gas and syngas 
in industrial settings.  Because of the ability to operate under a variety of flow rates and process 
conditions, research at the NCCC can effectively evaluate technologies at various levels of maturity.  
Exposure of developing technologies to coal-derived gas with the concomitant impurities provides critical 
information on material and process suitability for scale-up to commercial applications.   
 
1.3 Technology Screening 
 
Review of power plant CO2 capture and related technologies for inclusion in the NCCC test plan is 
ongoing by the NCCC staff.  Although many of the projects tested at the NCCC are funded under other 
DOE agreements, this is not a requirement for NCCC testing, and all CO2 capture tec
projects are eligible for consideration  for NCCC testing.  Technology developers are qualified through a 
formal screening process.  While technology developers are required to report performance data from the 
test, proprietary information is protected. 
 
For technologies selected for inclusion in the NCCC test plan, the testing naturally serves as further 
screening.  Screening small-scale technologies in an industrial setting is important before committing the 
funding required to design and operate pilot-scale test units.  Process-integrated testing at the NCCC 
exposes technologies to the requirements and rigors of real plant operating conditions and allows them to 
be scaled-up with confidence for commercial demonstration.  Integrated operation reveals the effects of 
system interactions, which would be missed in non-integrated pilot-scale testing.  The semi-commercial 
scale of the NCCC allows the maintenance, safety, and reliability issues of a technology to be 
investigated at a cost that is far lower than the cost of commercial scale testing.  In addition to obtaining 
performance data, this approach identifies areas of process design that require further development before 
commercial application.  
 
Since some large-scale development of carbon capture technology has been delayed, testing at the NCCC 
scale can take advantage of the interim period to identify process development needs.  Identifying these 
process development needs at a smaller scale is often more cost-effective than at a larger scale.  Some 
process develop needs being studied at the NCCC for post-combustion capture solvents includes amine 
carry-over, heavy metal concentration, influence of SO3 aerosols and identification of degradation 
products.  
 
1.4 Support Services.   
 
Not only does the NCCC provide the test sites and infrastructure needed for technology development, the 
center offers the services of a highly specialized and experienced staff dedicated to the NCCC testing.  
Experts at the site include:   
 Design staff which supports design, installation, and safety considerations 
 Process engineers who support data analysis and ensure that acceptable heat and mass balance 
closures are achieved  
 Operations personnel who provide safe and efficient oversight during testing 
 Construction and maintenance assistance during testing 
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 Gas and liquid analysis specialists who ensure accurate and thorough data acquisition 
 
2. Post-Combustion CO2 Capture 
 
The PC4 facilities include multiple slipstreams with a range of flue gas throughputs to allow the 
evaluation of post-combustion CO2 capture technologies (see Figure 1).  It provides the capability to test 
modules from technology developers and to test solvents in an absorber/regenerator unit, the pilot solvent 
test unit (PSTU). 
 
   
  
Figure 1.  Layout of the PC4. 
In 2011, PSTU baseline tests were completed, using a reference solvent, monoethanol amine (MEA), to 
characterize its performance and verify the reliability of the data generated.  The PSTU was later operated 
to test a potential commercial solvent developed by Babcock & Wilcox.  Aker Carbon Solutions installed 
a mobile test unit at the site to test its commercial solvent, and Membrane Technology & Research 
(MTR) installed and commissioned its 0.05-MW polymeric CO2-separation membrane, which will 
continue to be tested throughout 2012.  Also in 2012, several other developers are testing solvents in the 
PSTU and enzyme-based solvent systems in the bench scale area on coal-derived flue gas.   
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2.1 PSTU Baseline Testing 
 
The PSTU was fabricated and installed at the PC4 in 2010, and commissioning began in the first quarter 
of 2011, with nominal MEA concentrations of 20-, 30-, and 40-wt% evaluated.  The system consists of 
the all necessary equipment to test the absorption and regeneration characteristics of CO2 capture solvents 
and has the flexibility to operate at varying conditions and process configurations.  The PSTU is heavily 
instrumented to enable comprehensive process data collection and thorough characterization of equipment 
and solvent performance.   
 
The subsystems of the PSTU include: 
 A pre-scrubber which removes the small amount of SO2 remaining in the flue gas 
 A cooler/condenser unit that cools the flue gas to appropriate reaction temperatures and removes flue 
gas moisture 
 An absorber to promote efficient gas-liquid contacting to remove CO2 from the flue gas 
 A washing tower that cools the CO2-depleted flue gas, removing trace amounts of entrained solvent 
 A regenerator that provides heat to release the CO2 from the solvent 
 
For the major components, the mass balance closures achieved during commissioning were all close to 
100%, which is exceptional for such a large pilot plant and validates the accuracy of the flow and 
composition measurements.  Heat balance closures were in the range of 95 to 100%, and were influenced 
by the quality of solvent specific heat data available in the literature.  Test equipment for sampling MEA 
degradation products was established, and analytical procedures were identified for determining their 
concentrations in the CO2-depleted flue gas stream leaving the absorber.  Preliminary results indicated 
that any degradation products were present at very low levels.  The system proved easily capable of 
greater than 90% CO2 capture with the MEA solvent. 
 
Data analysis from subsequent MEA testing in 2012 yielded improved heat balance closures to just below 
100%.  This data analysis employed alternative solvent and gas specific heats and heats of reaction from 
additional process simulation software and published values.  Overall, the testing has validated the 
accuracy of the data produced in PSTU operation.  
 
Another area of investigation prompted by the 2011 baseline testing was the selenium content in the final 
MEA solution.  The selenium content in the solution was greater than 2 ppm, which made the solvent a 
hazardous waste when sent to disposal.  One of the objectives of the 2012 follow-up baseline testing was 
to determine how total selenium and its species varied with time.  Based on consultations with water 
treatment experts, a laboratory program is being developed to assess procedures to precipitate heavy 
metals from the solvent.  Selenium chemistry has been extensively investigated, and it is expected that the 
solvent issue will be resolved using this existing information. 
 
2.2 Babcock &Wilcox OptiCap©  Solvent 
 
Babcock & Wilcox (B&W) was the first technology developer to finalize a contract for testing at the PC4.  
In September 2011, B&W began a three-month test program of its OptiCap© solvent in the PSTU.  The 
goals of the test campaign were (1) to gather data for process simulation model validation; (2) to 
characterize effluent streams (including stack emissions as well as liquid and solid wastes); (3) to gather 
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data on solvent degradation and reclamation; and (4) to perform corrosion studies in order to determine 
appropriate materials of construction for a commercial plant. 
 
During the OptiCap© test campaign, regeneration energy values in the range of 1,100 to 1,125 BTU/lb 
CO2 were achieved on multiple occasions, at a CO2 removal efficiency of 90%.  These results are 
consistent with lab- and pilot-scale measurements, as well as B&W process simulations, which indicate 
that further energy savings are possible when using a cross-flow heat exchanger optimized for the 
OptiCap© solvent.  A comparison of the test results with the OptiCap© solvent and MEA is given in the 
table below. 
 
 
Table 1.  OptiCap© Test Results 
 
Solvent CO2 Removal 
% 
Energy Consumption 
BTU/lb CO2 
30 wt% MEA 86 1,507 
40 wt% MEA 90 1,300 
OptiCap© 90 1,100 
 
 
to the operating data 
gathered for process model validation and verification, the test campaign also yielded a great deal of data 
in other areas of interest, such as corrosion, solvent degradation, and effluent stream characterization.  
Results indicate that corrosion rates for the OptiCap© solvent are relatively low, as compared to other 
benchmark solvents such as MEA, with corrosion rate measurements showing less than 1 mil per year.  
Further results on solvent degradation and effluent stream characterization are pending. 
 
2.3 Aker Clean Carbon Mobile Test Unit 
 
Aker Clean Carbon brought its Mobile Test Unit (MTU) to the site for testing from June through 
November 2011.  The MTU is designed to process 2,400 lb/hr of flue gas with a CO2 capture rate of up to 
400 lb/hr.  During the more than 2,500 hours of operation with CO2 capture, Aker completed its original 
test matrix for its MTU, which included parametric tests performed to investigate the factors influencing 
the specific reboiler duty, solvent CO2 loading, and emissions.  Preliminary results reported by Aker 
design and reduced energy consumption using the Aker CC6 solvent compared to 30 wt% MEA solvent 
for 90+% CO2 capture.   
 
2.4 MTR CO2 Membrane 
 
In addition to pre- polymeric Polaris membrane is being tested for CO2 
separation from coal combustion flue gas.  The membrane permeates CO2 up to ten times faster than a 
commercial cellulose acetate membrane.  The test equipment consists of a flue gas compressor, sweep air 
compressor, chiller, vacuum pump, a flue gas pre-treatment skid, and a membrane skid.  In addition, 
MTR has developed and patented a novel process using incoming combustion air as sweep gas to 
generate the driving force for CO2 permeation across the second stage membranes, which results in 
reduction of energy penalty for CO2 separation.    
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MTR completed commissioning and initial testing for its 1-ton/day (equivalent to 0.1-MW) flue gas 
membrane skid in the PC4 bench-scale test area in 2011.  The initial test data showed stable and efficient 
performance, with about 75% capture of CO2 from the flue gas while employing half of the process 
capacity of sweep modules.  In June 2012, two sweep modules with high CO2 removal capacity were 
installed to increase the capture rate of the sweep step and thus boost the overall capture rate to near 90%.   
MTR has begun long-term testing of its membrane skid, and plans to continue operation throughout 2012 
and into 2015.  MTR is also in the process of scaling up the process to a 20-ton/day unit, which is 
scheduled for installation and commissioning in the second quarter of 2013.   
 
2.5 Hitachi  Solvent 
 
-1, has successfully proven to have a high CO2 capture capacity, 
low regeneration energy demand, high resistance to degradation, low amine loss, and low corrosivity.  
Hitachi conducted extensive testing of over 1,300 hours with its H3-1 solvent in the PSTU through mid-
July 2012. 
 
The test objectives include the verification of operational performance, establishment of absorber 
flooding conditions, and determination of the effects of the following: 
 
 Liquid/gas ratio on CO2 capture performance 
 Steam/liquid ratio on CO2 capture performance 
 The number of beds and intercooling on CO2 capture performance 
 Flue gas and solvent temperature on CO2 capture performance 
 Operating pressure on solvent regeneration 
 Wash tower exit temperature on solvent carryover 
 
Once the effects of the listed operating parameters were understood, the optimum operating conditions 
were established for continuous long-term testing.  During testing, an automatic titrator determined the 
CO2 loading and amine content of the solvent entering and leaving the absorber.  Periodic checks were 
completed by manual titration of the samples.  Both titration devices were calibrated with an analytical 
standard provided by Hitachi.  NCCC staff performed periodic mass balance checks to ensure the 
reliability of plant data. 
 
A variety of gas and liquid samples were taken by NCCC staff during the test period.  The PC4 gas 
sampling system was used to determine solvent carryover from the wash tower.  Gas sampling methods 
suggested by Hitachi were used to collect samples from the wash tower and regenerator to determine the 
carryover of amine and nitrosamines.   
 
2.6 Codexis Enzymes 
 
Codexis is investigating the use of carbonic anhydrase enzymes to accelerate the rate of CO2 capture for 
low-energy solvents that have desirably low heats of reaction such as methyldiethanolamine (MDEA), 
ammonia, and potassium carbonate.  Much of the testing to-date has been carried out with synthetic flue 
gas in bench-scale stirred cell reactors and a wetted wall column and in a pilot-scale via the Codexis Test 
Unit.  The tests at the NCCC are the first using coal-derived flue gas to determine the stability of the 
enzyme in the presence of trace contaminants.  The test skid consists of absorber and desorber columns 
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and processes 850 standard ft3/hr of flue gas flow, with a solvent flow rate of 260 lb/hr and a CO2 
removal rate of 14 lb/hr. 
 
Commissioning and testing were completed over a two-week period.  Results of testing, plotted in Figure 
2, showed CO2 capture averaging around 65% at a rate of capture over 25 times greater than for MDEA 
alone with 0.2 g/L of enzyme loading.  No apparent effect of trace metals on enzyme performance was 
seen.  The solvent is currently being analyzed by Codexis.  Provided funding is available, Codexis 
anticipates completing a similar campaign for an extended period of time for at least six months using 
their most advanced enzyme available.   
 
 
 
Figure 2.  Performance of Codexis Enzyme Process. 
 
3.0 Pre-Combustion CO2 Capture 
 
The NCCC also generates coal-derived syngas which is available for testing technologies related to pre-
combustion CO2 capture and high efficiency coal-based power generation.  Technologies tested in 2011 
include a high-temperature mercury sorbent, physical and chemical solvents for CO2 absorption, water-
gas shift (WGS) catalysts, a polymeric CO2 separation membrane, three hydrogen separation membranes 
(carbon-based, polymeric, and palladium-based), and a solid CO2 sorbent.  Several of these technologies 
are being tested further in 2012, and membranes and solvents from other developers will also be tested. 
 
3.1 Facilities 
 
The infrastructure for pre-combustion CO2 capture testing provides for a wide range of test conditions, 
and includes the Syngas Conditioning Unit (SCU).  The SCU is a flexible slipstream facility that can 
accommodate multiple, small-scale tests.  Shown in Figure 3, the SCU consists of small reactor vessels, 
arranged to allow operation in series or in parallel, which accommodate a range of syngas flow rates, 
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temperatures, and pressures.  The facilities also have the capacity to test technologies in off-line operation 
with bottled gases.    
 
 
 
Figure 3.  Layout of the Syngas Conditioning Unit. 
 
3.2 Johnson Matthey High-Temperature Mercury Sorbent 
 
developing a solid, palladium-based sorbent to remove mercury and other trace contaminants, such as 
arsenic and selenium, at high temperature in coal gasification processes.  Compared to low-temperature 
capture by activated carbon, high-temperature capture of these trace elements retains the high thermal 
efficiency of coal gasification power generation.  
 
Testing at the NCCC has been on-going since 2008, with the most recent testing conducted during in mid-
2011.  The sorbent has demonstrated greater than 99% capture of mercury, arsenic, and selenium.  To 
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comparisons.  The researchers are currently in the process of designing and constructing a new reactor 
and syngas supply for continuous sorbent evaluation.  They plan on returning to the NCCC for testing in 
late 2012 with a 2 wt% palladium sorbent to operate using 50 lb/hr syngas, an increase from the previous 
testing at 25 lb/hr. 
 
3.3 Water-Gas Shift Catalysts 
 
Testing of water-gas shift (WGS) catalysts has been ongoing at the site since 2007.  WGS catalysts have 
been used extensively in the petrochemical industry, where high steam-to-CO ratios (up to 2.6) are used 
to achieve very high conversions and to suppress the formation of carbon compounds such as methane 
that can contaminate downstream processes.  One of the early test objectives in WGS testing at the NCCC 
was to determine the feasibility of operating with steam-to-CO ratios lower than those historically 
proposed and guaranteed by suppliers, which could substantially lower plant operating costs.  Thus, the 
NCCC has been investigating the performance of various WGS catalysts under a range of steam-to-CO 
ratios. 
 
The tests showed that CO conversions adequate to facilitate high CO2 capture rates are achieved at lower 
steam to CO ratios than those recommended for historical applications.  Also, as molar ratios are 
increased above about 1.6, the projected improvements in conversions become marginal.  No methane 
was formed, and no carbon was deposited in the reactor.  Evaluation of the impact of these test results for 
a commercial 500-MW IGCC power plant has shown that the acceptable reduction in steam-to-CO molar 
ratio of 1.0 (from 2.6 to 1.6) corresponds to a substantial increase in net electrical output of 40 MW.  This 
could result in cost savings of more than $275 million over an estimated plant life of 30 years.1   
 
The testing has also identified at least four catalysts suitable for commercial operation in gasification 
processes to achieve CO2 emissions as low as that from state-of-the-art natural gas plants. Figure 4 
presents data for the four WGS catalysts tested to date and shows how the measured CO conversion 
varies with steam-to-CO ratio.  The trend for all data sets is asymptotic, with catalysts B and D having 
higher conversions than A or C.  However, the latter two catalysts may have lower costs or better 
resistance to contamination.  At a steam-to-CO ratio of 1.6, all four catalysts convert sufficient CO to 
support CO2 capture of around 65% and achieve emissions equivalent to those from a natural gas 
combined cycle process.   
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Figure 4.  Performance of Four Water Gas Shift Catalysts. 
 
3.4 TDA Research Solid CO2 Sorbent 
 
TDA Research is developing a new pre-combustion CO2 capture technology utilizing a solid sorbent.  
The sorbent is a proprietary carbon-based material modified with surface functional groups to physically 
adsorb CO2 from shifted syngas.  The CO2 capture system operates at relatively high temperature (greater 
than 400oF) and uses four beds to operate based on pressure-swing adsorption and regeneration.  Because 
the sorbent and the CO2 do not form a true covalent bond, the energy needed to regenerate the sorbent 
(5.0 kcal/mol of CO2) is much lower than that observed for either chemical absorbents (e.g., 29.9 
kcal/mol CO2 for sodium carbonate) or amine-based solvents (e.g., 14.2 kcal/mol CO2 for MEA), and 
comparable to that of Selexol.  If desired, the sorbent can be regenerated isothermally, and CO2 can be 
recovered at pressure (about 150 psia).  Thus, the total energy needed to regenerate the sorbent and to 
compress the CO2 for sequestration is expected to be significantly lower than that for any technology 
reported to date.   
 
sorbent was the first CO2 capture solid sorbent technology tested at the NCCC and was 
initially evaluated in 2011.  The sorbent skid is designed to capture CO2 from 10 lb/hr syngas.  The CO2 
sorbent adsorbs CO2 at 464oF and syngas inlet pressure (about 200 psig) and releases CO2 with heated 
nitrogen purging at the same temperature and at a pressure greater than 54 psig.  The sorbent skid 
operated during the initial run for more than 1,200 cycles and over 300 hours on syngas.  In order to 
optimize the sorbent performance, TDA varied the operating parameters such as bed temperature, cycle 
time, and the purge flow rate during the testing period and demonstrated greater than 98% CO2 capture. 
 
Following the 2011 testing, TDA began incorporating modifications based on lessons learned during the 
run.  The group plans to bring the skid back to NCCC in late 2012 with improved sorbents capable of 
WGS functionality.  
 
40
50
60
70
80
90
100
0.0 0.5 1.0 1.5 2.0 2.5 3.0
CO
 co
nv
er
sio
n,
 %
Steam-to-CO Molar Ratio
A B C D
536   Frank Morton et al. /  Energy Procedia  37 ( 2013 )  525 – 539 
3.5 Physical and Chemical CO2 Solvents 
 
Operation with CO2 capture solvents has led to the understanding of process chemistry and the 
development of highly accurate sampling methods.  Both physical and chemical solvents tested 
previously only in lab settings have been thoroughly evaluated and compared to conventional solvents.    
 
During 2011, NCCC researchers investigated CO2 capture characteristics of the CO2 physical solvent 
glycerol triacetate (GTA), first using bottled gases, and then with syngas during gasification operation.  
The syngas testing was completed to confirm the initial CO2 capture results and to evaluate the absorption 
and regeneration characteristics with H2S.  The GTA solvent was compared to the well-documented 
solvent dimethyl ether of polyethylene glycol (DEPG) and previously tested polydimethyl siloxane 
(PDMS). 
 
Figure 5 presents some of the CO2 absorption results collected with the three physical solvents tested at 
68°F.  In the absence of water, CO2 capture efficiency with GTA was similar to that with DEPG, and both 
were superior to capture with PDMS.  When 10% water was added to the solvents, the performances of 
GTA and PDMS was unaffected, but that of DEPG deteriorated.  Water is immiscible with GTA and 
PDMS but is soluble in DEPG, and this may account for the difference in performance.  System analysis 
is required to determine if this difference offers any economic advantage. 
 
 
 
Figure 5.  Absorption of CO2 with and without Water Addition for Three Solvents. 
Testing of CO2 solvents in the SCU batch reactor is continuing in 2012 with the testing of PDMS from 
the University of Pittsburgh.  This testing will build on previous NCCC testing of PDMS in 2010.  In 
addition, testing of a solvent being developed by the University of Alabama is planned for later in 2012. 
 
0
0.2
0.4
0.6
0.8
1
1.2
1.4
1.6
0 20 40 60 80 100 120
CO
2A
bs
or
be
d, 
mo
les
/lit
er
 so
lve
nt
CO2 Partial Pressure, psig
GTA + Water
GTA
DEPG + Water
DEPG
PDMS + Water
PDMS
 Frank Morton et al. /  Energy Procedia  37 ( 2013 )  525 – 539 537
3.6 MTR Polymeric CO2 Membrane 
 
In 2009, MTR began testing its polymeric CO2-
coal-derived syngas.  In 2011, two CO2 membranes were tested, each achieving 40 vol% CO2 in the 
permeate.  Following this testing, a two-membrane assembly was installed with the membranes in series.  
This configuration resulted in higher CO2 separation than the single membranes, with 50 vol% CO2 in the 
permeate.  The testing demonstrated CO2 enrichment as much as fivefold consistent with expected 
performance based on laboratory tests, stable operation in the presence of 300 to 500 ppm H2S and 
mixed-gas H2S/CO2 selectivity of about 3.0.  Stable separation performance was achieved during the 
entire period of normal operation for all the modules, indicating that there was no aging or performance 
deterioration of the membrane modules after exposure to the raw syngas. 
 
Further testing of the CO2 2 membrane is also being scaled 
up from a 50-lb syngas/hr design to a commercial-scale module processing 500 lb syngas/hr and featuring 
a membrane refrigeration system to produce liquid CO2.  Testing at this larger scale is planned for late 
2012. 
 
3.7 MTR Polymeric Hydrogen Membrane 
 
gen membrane testing at the NCCC employed a hydrogen-selective 
-inch diameter, high-pressure 
permeation cell set in a small pressure vessel, processing 1 lb/hr of syngas that was extracted from the 
2 membrane skid.  Using the test data from the first three runs, materials 
were selected for the manufacture of spiral-wound membranes, which operate at a flow rate of 10 lb/hr of 
syngas.  The design is similar to that of the CO2 membrane and representative of the proposed 
commercial design, thus the performance results better support scale-up to demonstration-sized modules.   
 
Two hydrogen membranes of different materials were tested in 2011.  The better of the two achieved a 
concentration of 50 to 60 vol% hydrogen in the permeate, which was slightly lower that of the stamp 
membrane, but within the targeted range.  The hydrogen membranes demonstrated stable operation at 
temperatures up to 300°F for extended periods of time in the presence of sulfur and other contaminants.   
 
Based on its design data and operating experience, MTR projects that with further improvement, its 
membranes will approach the DOE target of 10% increase in the levelized cost of electricity.  MTR is 
continuing testing of the hydrogen membranes in 2012. 
 
3.8 Membrane & Process Technology Carbon-Based Hydrogen Membrane.    
 
Membrane & Process Technology (MPT) first tested its carbon molecular sieve (CMS) membrane at the 
site in 2008, which marked the first time a hydrogen-selective membrane was successfully operated on 
untreated coal-derived syngas.  The initial testing was conducted with a single tube configuration, and 
over time, the design has been scaled up to 10 and later 14 tubes, and, most recently, MPT has tested its 
86-tube module.   
 
During 2011, the first testing with the tube bundle module with raw syngas yielded hydrogen 
concentration in the permeate of about 40 vol%.  The run demonstrated the performance and stability of 
the membrane, with no degradation observed.  Treating the CMS permeate stream with a palladium 
membrane yielded hydrogen purity greater than 99%.   
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However, the mixed gas permeance of the CMS was about half the expected value for pure hydrogen.  To 
improve the gas distribution within the bundle and thus improve the hydrogen permeance, MPT tested a 
number of baffle arrangements in its laboratory and identified one that raised permeance to close to that 
for pure hydrogen.  The tests were completed with a helium/argon mixture.  Prior to further gasification 
operation, the NCCC provided the necessary infrastructure and operational support to accommodate off-
line tests, which are capable of higher operating pressures than the laboratory tests.  The off-line test 
results confirmed improved gas distribution, as the testing (completed with a helium/nitrogen mixture) 
achieved a permeance within 90 to 95% of the pure component values.    
 
With the new baffle arrangement incorporated into the membrane module, testing with syngas during 
gasification operation in 2012 also demonstrated good agreement between the mixed gas and pure 
component hydrogen permeance.  Preliminary test data confirmed the off-line test results, as the hydrogen 
permeance was within 85 to 90% of the pure component value.  Further, the product hydrogen purity well 
exceeded that previously demonstrated, and was in the range of 50 to 55% with a raw syngas feed 
containing about 8% hydrogen.  Further testing will be conducted during gasification operation to 
demonstrate the durability of the baffles under the field operating environment.   
 
3.9 Worcester Polytechnic Institute Palladium-Based Hydrogen Membrane 
 
Testing by Worcester Polytechnic Institute (WPI) was undertaken to demonstrate hydrogen separation 
from coal-derived syngas using palladium-based membranes on porous metal supports.  WPI has tested 
membranes constructed with a hydrogen selective layer containing palladium only as well as palladium 
membranes coated with different thicknesses of gold to inhibit sulfur attack.  Testing in mid-2011 was the 
first time WPI membranes operated on coal-derived syngas.  Three different palladium-based hydrogen 
membranes were tested in the initial run.  The permeate stream was close to pure hydrogen, and initially 
the targeted 2 lb/day hydrogen production rate was achieved.  The flux decreased presumably due to 
leaks which had developed in two of the membranes but stabilized during the test period.   
 
In the second 2011 test run, a water gas shift reactor was incorporated to minimize the CO concentration 
in the syngas, which could cause coking on membrane surfaces.  The previously tested membranes were 
also polished and recoated with the palladium or palladium/gold layer.  Two membranes were tested in 
the run for a combined 646 hours, constituting a major achievement in palladium membrane 
development.  With no leaks developing in these two membranes, the membranes achieved high 
hydrogen purity greater than 99.5% in the permeate stream.   
 
development.  Based on the results, WPI may compete for funding by DOE for continued development, 
which involves building a larger membrane module that can produce 100 lb/day of hydrogen at a 
demonstration plant. 
 
4.0 Conclusions 
 
advanced CO2 capture technologies which are crucial for future coal-based power generation under CO2 
emissions constraints.  The center has adapted its facilities to accommodate numerous technologies for 
both post-combustion and pre-combustion technologies.  Several of the technologies tested have been or 
are now being scaled-up as they move toward the development of a commercial product.  The NCCC 
provides unique infrastructures and services, and generates reliable, accurate data.  
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The post-combustion and pre-combustion facilities are continually being expanded as technology 
developers take the opportunity to perform multiple and long-term tests while new technologies are being 
added.  Collaboration with additional developers for future test plans is on-going.  
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